Diminished noradrenergic stimulation reduces the activity of rolipram-sensitive, high-affinity cyclic AMP phosphodiesterase in rat cerebral cortex.
The present study examined the in vivo regulation of rolipram-sensitive, high-affinity cyclic AMP phosphodiesterase (PDE4) in rat cerebral cortex. The hydrolysis of cyclic AMP, formed by stimulation of beta-adrenergic receptors, was measured in cerebral cortical slices. Hydrolysis of cyclic AMP formed under these conditions was inhibited by the PDE4-selective inhibitor rolipram but not by selective inhibitors of other PDE families. Intraventricular infusion of 6-hydroxydopamine (6-OHDA; 200 micrograms) decreased the rate constant of cyclic AMP hydrolysis and increased the cyclic AMP half-life 17 days, but not 1 or 7 days, following the treatment. A reduction in norepinephrine (NE) content occurred first; the NE level was reduced to 42, 24, and 6% of control at 1, 7, and 17 days after 6-OHDA infusion, respectively. This was followed by the development of supersensitivity of beta-adrenergic receptor-linked adenylyl cyclase, which occurred 7 days after the infusion. The reduction in PDE4 activity occurred last. When a higher dose of 6-OHDA (300 micrograms) was used, the reduction in the rate constant of cyclic AMP hydrolysis occurred by 7 days; at this time NE content was depleted to 6% of control. Similar to 6-OHDA treatment, continuous blockade of beta-adrenergic receptors, produced by chronic propranolol infusion, decreased the rate constant of cyclic AMP hydrolysis. Therefore, the current results indicate that diminished stimulation of beta-adrenergic receptors, either by loss of noradrenergic innervation or by receptor blockade, reduces the activity of PDE4. This suggests that PDE4 regulation may contribute in the homeostasis of the noradrenergic receptor-effector system in the brain.